Introduction
The use of calix[n]arenes in a variety of catalytic/polymerization processes continues to attract interest.
[1] However, the majority of the work in the literature has focussed on systems employing the 'simplest' of the calixarene family, p-tert-butylcalix [4] areneH 4 , partly due to its ease of preparation (low cost), but also given the calix [4] arene ligand set tends to bind to only one metal, retaining a cone conformation, thereby making characterization relatively simple. Furthermore, Floriani recognized that the calix [4] arene ligand system, with the four oxygen donors of the lower-rim, was pre-organized in a quasi-planar geometry, and offered an ideal opportunity for modelling an oxo surface and thereby heterogeneous catalysts. [2] By contrast, the coordination chemistry associated with the larger calix[n]arenes (n > 4) is less well studied, [3, 4] presumably reflecting the often increased costs associated with the preparation of these larger ligands, as well as the more complicated characterization necessary for resulting larger metallocalix[n]arenes. However, there are advantages for targeting larger metallocalix[n]arenes, for example their increased conformational flexibility, presence of multiple cavities and their ability to coordinate simultaneously multiple metal centres, means that such systems are becoming of increased structural interest. With respect to catalysis, the ability to coordinate multiple metal centres in close proximity has the potential to lead to useful cooperative effects. [5] With this in mind, we now describe the synthesis and solid-state structures of a number of new vanadium(V) p-tert-butylcalix [8] arene complexes (chart 1), noting that structural reports of vanadium complexes of the larger calix[n]arenes remain scant. [3, 6, 7] In the case of vanadium-based calixarene catalysis, Limberg et al have screened such systems for the oxidative dehydrogenation of short chain alkanes and alcohols, [6] whilst our group has screened a range of vanadyl-containing calix[n]arenes for -olefin homo-(co-)polymerization. [7] We have also described the difficulties associated with the use of alkali metal alkoxides, and the resulting structural complications for a number of chromium(III) and iron(III) complexes bearing p-tert-butylcalix [4 and 6] arenes. [8, 9] Herein, similar use of alkali metal alkoxides also leads to some intriguing p-tert-butylcalix [8] arene structures, and, given the current interest in the potential of vanadium-based systems for olefin polymerization, a number of the vanadyl complexes prepared herein have been screened for their ability to polymerize ethylene and co-polymerize ethylene with propylene. The use of different cocatalysts is evaluated as is the variation of temperature on the catalytic performance; results are compared versus the benchmark catalyst VO(OEt)Cl 2 . We note that our recent studies using vanadyl ptert-butylcalix [6] arene complexes revealed that activities as high as 202,500 g/mmol.v.h were achievable, although such systems suffered somewhat from thermal instability. [ 6 (R = Np-tol) Chart 1. Vanadium calix [8] arenes prepared in this work. 'Vanadyl sodium' complexes Interaction of p-tert-butylcalix [8] areneH 8 suitable for single crystal X-ray diffraction studies were grown from saturated acetonitrile solutions after prolonged standing at ambient temperature. The molecular structure of complex 1 is presented in Figure 1 ; crystallographic data are collated in highlighting the ability of such systems to pick up solvated alkali metals at any exposed oxygen sites.
Results and Discussion
A further sodium per asymmetric unit is present, and this is bound by six acetonitriles, and acts as a separate cationic unit. Diffraction data for both solvates of 3 were collected using synchrotron radiation. They are isomorphous and both are twinned (see experimental section).
'Vanadyl potassium' complexes
Views of two solvates, 3·3MeCN and 3·3CH 2 Cl 2 are presented in Figure 3 . In both molecules, the geometry around each vanadium centre is very similar (square-pyramidal), reflected by the near identical bond lengths and anglessee Table 2 . Each molecule lies on a centre of inversion. The two fully deprotonated calix [8] 
'Vanadyl lithium' complexes
In the case of lithium, in order to obtain crystalline material, it was necessary to reverse the order of addition such that lithium tert-butoxide was added to L 8 
Imido complex:
Use of the imido precursors [V(Nt-Bu)(Ot-Bu) 3 Crystals of 6·3½MeCN suitable for single crystal X-ray diffraction studies were grown from saturated acetonitrile solutions after prolonged standing at -25 °C. The molecular structure of 7 is presented in Figure 7 ; selected bond lengths and angles are given in Table 3 , and are compared with the related
The anion of 7 adopts a similar local confacial bioctahedral geometry about the two vanadium centres, the latter being linked via asymmetric phenoxide bridges. The calix [8] arene twists such that two sets of three phenoxide subunits each form a small cup and encapsulate an imido group (as highlighted in Figure 7 ). The The results are presented in Table 4 and Figure 8 , and are further displayed graphically in the ESI (ethylene uptakes). As for other vanadium-based systems, the re-activator ETA is required for high activity. Indeed, it was observed that increasing the amounts of both co-catalyst and ETA present from relatively higher than those of 1 and 3, but the trends observed for the PDI were analogous to those observed for 1 and 3. Use as DEAC as co-catalyst again afforded inferior activities to those observed when using DMAC, and there was less control over molecular weight upon DEAC/ETA activation.
However, higher M w s than those by DMAC/ETA activation resulted from the use of 1, 3 and 4. Despite the lowering of the observed activity at 110 o C (to 920), it was found to increase somewhat at 140 o C to 7,560 g/mmolV.h. Considering with the fact that PDI increases as the temperature raises, different active species from those at low temperature must be generated at 140 o C.
The melting points of the polyethylene obtained from systems employing 1, 3 and 4 (and the standard catalyst) were all in the range 129.0 -136.9 o C, consistent with the formation of linear polyethylene.
NMR data for the polymers at the lower end of the melting point range did not show any evidence of branching. Therefore, it is suggested that low T m is derived from low molecular weight polyethylene.
To benchmark the calixarene catalyst systems decribed above, the complex VO(OEt)Cl 2 was screened using both DMAC and DEAC as co-catalysts under the same conditions as above. Use of DMAC afforded an activity of 74,720 g/mmolV.h at 50 o C, which dropped off only slightly (to 70,800 g/mmolV.h) on increasing the temperature to 80 o C. However, on further increasing the temperature to 110 o C, the activity fell away (down to 19,360 g/mmolV.h), which however is higher than observed for 3 (8, 
Co-polymerization of ethylene with propylene
The co-polymerization of ethylene with propylene was conducted in the presence of DMAC, DEAC or TMA at 50 o C over 30 mins. Results are presented in Table 5 . For 1, 3 and 4, best results were obtained using DMAC as co-catalyst, with 1 achieving an activity of 65,100 g/mmolV.h and %C3 incorporation of 10.9 mol%. Use of DEAC as co-catalyst afforded lower molecular weights with %C3 in the range 7.1 -8.2 mol%. However, results using TMA were disappointing (activity < 440 g/mmolV.h) and so further evaluation using this co-catalyst was discontinued.
In general, the activities of 1, 3 and 4 were lower than VO(OEt)Cl 2 , whilst the incorporation of propylene was 7.1 -10.9 mol% was comparable (cf 10 mol% for VO(OEt)Cl 2 ). Within the calixarene series, the general activity trends observed can be summarized as follows: for DMAC, 1 > 3 > 4 and for DEAC, 1, 3 > 4. 5) .
For the polymerization of ethylene, using either DMAC or DEAC as co-catalyst and the re-activator ETA, the systems were all highly active, producing high molecular weight linear polyethylene. In most cases, activities were lower than the standard catalyst VO(OEt)Cl 2 though some properties of the calixarene systems proved noteworthy, namely the activity of 4 at 140 o C surpassed that of the benchmark catalyst and secondly, in some instances the calixarene-based systems gave products of higher molecular weight than VO(OEt)Cl 2 but with comparable activity, which may be an advantage for industrial use.
Experimental
General:
All manipulations were carried out under an atmosphere of dry nitrogen using conventional Schlenk and cannula techniques or in a conventional nitrogen-filled glove box. Diethyl ether and tetrahydrofuran were refluxed over sodium and benzophenone. Toluene was refluxed over sodium. 
